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(57) ABSTRACT 

The invention relates to a process for manufacturing a 
multilayer structure made from semiconducting materials 
that include an active layer, a support layer and an electri 
cally insulating layer between the active layer and the 
support layer. The process includes the step of modifying the 
density of carrier traps or the electrical charge Within the 
electrically insulating layer in order to minimize electrical 
losses in the structure support layer. 
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PROCESS FOR MANUFACTURING A 
MULTILAYER STRUCTURE MADE FROM 

SEMICONDUCTING MATERIALS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of International 
application PCT/IB2004/003340 ?led Sep. 27, 2004, the 
entire content of Which is expressly incorporated herein by 
reference. 

BACKGROUND ART 

[0002] This invention relates to a process for manufactur 
ing a multilayer structure made from semiconducting mate 
rials and comprising an active layer, a support layer and an 
electrically insulating layer betWeen the active layer and the 
support layer. The invention also relates to structures 
obtained using such a process. Note that the invention is 
applicable to thin structures in the form ofWafers, of the type 
used for microelectronics, optical and optronic applications. 

[0003] In the remainder of this text, the general expression 
“structure concerned by the invention” Will be used to 
denote a structure like that mentioned above, of the multi 
layer structure type made from semiconducting or semicon 
ductor materials and comprising an active layer, a support 
layer and an electrically insulating layer betWeen the active 
layer and the support layer. The multilayer structures typi 
cally combines several layers, some of Which are made from 
different materials. 

[0004] Thus, one application of the invention is the manu 
facture of SOI (Silicon On Insulator) type structures. An SOI 
of this type thus usually comprises: 

[0005] an active layer made from monocrystalline silicon 
With a loW resistivity (of the order of a feW Ohms.cm), 

[0006] a support layer may be made of silicon With a 
signi?cantly higher resistivity, typically more than 1000 
Ohms.cm, 

[0007] and an electrically insulating layer betWeen these 
tWo layers, for example an SiO2 layer. 

[0008] The so-called “active” layer is named this Way 
because components Will be placed on it, typically electronic 
or optronic components. 

[0009] It is desired that the multilayer structures con 
cerned by the invention are associated With the loWest 
possible electrical losses. Note that in this text, “losses” 
refers to electrical losses in the structure support layer, the 
losses originating from polarized operation of the compo 
nents made on the active layer. These losses are disadvan 
tageous, to the extent that they affect the electrical ef?ciency 
of this structure and can generate noise affecting the signal 
quality in the active layer (particularly for very high fre 
quency applicationsiin other Words for frequencies typi 
cally more than 10 GHZ). 

[0010] Thus, structures to Which the invention is appli 
cable usually have: 

[0011] a loW electrical resistivity (of the order of 5 to 30 
Qcm) at their active layer, to enable good interaction of 
components installed on this layer, 
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[0012] and a much higher resistivity at the layers that 
support this active layer, to avoid electrical losses in the 
structure. 

[0013] To achieve this, the support layer in a structure 
concerned by the invention (typically, but not necessarily an 
SOI) Will typically have a much higher resistivity than the 
active layer (for example more than 1000 Qcm). The high 
resistivity of layers supporting the active layer of these 
structures is thus designed to reduce loses associated With 
the structure. 

[0014] Thus, there is a need for structures of the type 
mentioned at the beginning of this text, in Which such 
electrical losses are as loW as possible. And note that in very 
high frequency applications, electrical signals generated in 
the active layer of the structure can pass through the insu 
lating layer of the structure despite the electrical insulation 
effect of this layer. As mentioned above, this corresponds to 
additional losses that are undesirable. Thus, and even more 
precisely than as described above, there is a need to make 
structures like those mentioned above in Which losses are 
minimiZed for such very high frequency applications. The 
present invention noW satis?es these needs. 

SUMMARY OF THE INVENTION 

[0015] The present invention relates to a process for 
manufacturing a multilayer structure made of semiconduct 
ing or semiconductor materials and comprising an active 
layer, a support layer and an electrically insulating layer 
betWeen the active layer and the support layer. Preferably, 
the structure is an SOI structure. The process comprises the 
improvement Where the properties of the electrically insu 
lating layer are modi?ed in order to minimiZe electrical 
losses in the support layer and enhance signal quality in the 
active layer. Typically, the properties of the electrically 
insulating layer are modi?ed by reducing electrical charge in 
the electrically insulating layer or by increasing carrier trap 
density at an interface betWeen the electrically insulating 
layer and support layer. To reduce electrical charge, the 
support layer can be selected so as to have a resistivity that 
is signi?cantly higher than that of the active layer. 

[0016] The structure is preferably formed by bonding a 
?rst substrate comprising the active layer With a second 
substrate comprising the support layer. Either substrate can 
contain the electrically insulating layer, but usually this is 
included on the ?rst substrate. With this arrangement, the 
properties of the electrically insulating layer can be modi?ed 
by increasing carrier trap density before the ?rst and second 
substrates are bonded. One Way to do this is by inserting an 
intermediate layer betWeen the electrically insulating layer 
of the ?rst substrate and the support layer of the second 
substrate. Alternatively, the intermediate layer can be made 
of a material that, due to its association With the material of 
the support layer, increases carrier trap density at the inter 
face. 

[0017] The carrier trap density can also be modi?ed by 
selection of at least one material for the electrically insulat 
ing layer, With the selected material increasing carrier trap 
density due to its association With the material of the support 
layer. In addition, the carrier trap density can be modi?ed by 
applying a treatment to the surface region of the second 
substrate before the ?rst and second substrates are bonded. 
Such a treatment of the surface region of the second sub 
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strate can include a controlled deterioration of the surface 
condition of the second substrate. 

[0018] When the structure is formed by bonding a ?rst 
substrate comprising the active layer With a second substrate 
comprising the support layer, the electrical charge can be 
modi?ed Within the electrically insulating layer by adjusting 
the characteristics of an ion implantation made in the ?rst 
substrate before the ?rst and second substrates are bonded. 
This is conveniently achieved by adjusting the implantation 
doses are adjusted to modify the electrical charge in the 
electrically insulating layer. 
[0019] Alternatively, When the structure is formed by 
bonding a ?rst substrate comprising the active layer With a 
second substrate comprising the support layer, the electrical 
charge Within the electrically insulating layer can be modi 
?ed by adjusting parameters of a thermal oxidation that is 
made a surface of the ?rst substrate to create the electrically 
insulating layer thereon. Here, the parameters to be adjusted 
include one or more of temperature, temperature variation, 
gas composition, or annealing times. Instead, the electrical 
charge Within the electrically insulating layer can be modi 
?ed by adjusting the parameters of a heat treatment that is 
applied to the structure after the ?rst and second substrates 
have been bonded. Typically, the heat treatment is applied at 
a thermal budget that is adjusted to reduce the charge. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Other aspects, purposes and advantages of the 
invention Will become clear after reading the folloWing 
description of the invention With reference to the attached 
draWings in Which: 

[0021] FIG. 1 is a graph derived from simulations, illus 
trating the variation of a parameter GEFF representing losses 
associated With the structure as a function of different 
corresponding values of the electrical charge of the insulat 
ing layer, for different structures concerned by the invention, 

[0022] FIG. 2 is a graph of the same type like that 
illustrated in FIG. 1, also derived from simulations, illus 
trating the variation of the same parameter GEFF represent 
ing losses associated With the structure as a function of the 
different corresponding values of the density of carrier traps 
at the interface betWeen the insulating layer and the support 
layer, for different structures concerned by the invention, 

[0023] FIG. 3 is a diagram illustrating the principle of a 
method for measuring electrical losses in a structure such as 
structures concerned by the invention, the structure being 
shoWn in a sectional vieW, and the right part of the diagram 
containing a representation of an equivalent electrical cir 
cuit, 
[0024] FIG. 4 is a graph derived from experimental mea 
surements and illustrating the in?uence of a reduction in the 
density of carrier traps at the interface betWeen the insulat 
ing layer and the structure support layer concerned by the 
invention, on electrical losses measured for a structure 
concerned by the invention, 

[0025] FIG. 5 is a graph of the same type as that shoWn 
in FIG. 4, also derived from experimental measurements, 
illustrating the in?uence of a modi?cation to the charge 
Within the electrically insulating layer of the structure con 
cerned by the invention on the electrical losses measured for 
this structure, 
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[0026] FIG. 6 diagrammatically illustrates bonding of tWo 
substrates to constitute a structure concerned by the inven 
tion, at least one of the tWo substrates having been speci? 
cally treated according to one of the embodiments of the 
invention in order to minimize losses associated With the 
structure that Will be obtained, and 

[0027] FIG. 7 represents measured losses as a function of 
the frequency, for different structures With different values 
for the parameters QBOX and Dit. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0028] In order to achieve these purposes, the invention 
proposes a method of making a multilayer structure made of 
semiconducting materials and comprising an active layer, a 
support layer and an electrically insulating layer betWeen the 
active layer and the support layer, characterized in that the 
process comprises modi?cation of the density of carrier 
traps and/or the electrical charge Within the electrically 
insulating layer, in order to minimize electrical losses in the 
structure support layer. 

[0029] Other preferred but non-limitative aspects of such 
a process are as folloWs: 

[0030] the modi?cation is intended to increase the density 
of carrier traps at the interface betWeen the structure insu 
lating layer and the structure support layer, 

[0031] the modi?cation is designed to reduce the electrical 
charge Within the electrically insulating layer of the struc 
ture, 

[0032] the active layer is chosen so as to have a much 
loWer resistivity than the support layer, 

[0033] the process includes bonding of a ?rst substrate 
comprising the structure active layer and a second substrate 
comprising the structure support layer, 

[0034] 
[0035] the insulating layer of the ?rst substrate corre 
sponds to the insulating layer of the structure, 

[0036] in order to minimize electrical losses in the struc 
ture support layer, the density of the carrier traps is modi?ed 
before the ?rst substrate and the second substrate are 
bonded, 
[0037] in order to minimize electrical losses in the struc 
ture support layer, the density of the carrier traps is modi?ed 
by inserting an intermediate layer betWeen the tWo sub 
strates to be bonded, that Will come into contact With the 
support layer of the second substrate, the material of the 
intermediate layer being chosen so as to increase the density 
of the carrier traps, due to its association With the material 
in the support layer, 

[0038] the intermediate layer is deposited on the second 
substrate, before the bonding of the ?rst and second sub 
strates, 

[0039] the support layer is made of silicon and the material 
used in the intermediate layer is a nitrided oxide, 

[0040] the density of carrier traps is modi?ed using at least 
one material that tends to increase the density of carrier traps 
due to its association With the material in the support layer, 

the ?rst substrate comprises an insulating layer; 
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for bonding the ?rst and second substrates, to minimize 
electrical losses in the structure support layer, 

[0041] the density of carrier traps is modi?ed by applying 
a treatment to the surface region of the second substrate 
before the ?rst and second substrates are bonded, in order to 
minimize electrical losses in the structure support layer, 

[0042] the treatment of the surface region of the second 
substrate includes controlled deterioration of the surface 
condition of the second substrate, 

[0043] in order to minimize electrical losses Within the 
structure support layer, the charge is modi?ed in the elec 
trically insulating layer by adjusting the characteristics of an 
implantation made in the ?rst substrate before the ?rst and 
second substrates are bonded, 

[0044] the doses of the implantation are adjusted to 
modify the charge in the electrically insulating layer, 

[0045] the implantation corresponds to a Weakening 
implantation of a SMARTCUT® type process, 

[0046] in order to minimize electrical losses in the struc 
ture support layer, the charge Within the electrically insu 
lating layer is modi?ed by adjusting the parameters of a 
thermal oxidation made on the ?rst substrate to create the 
structure insulating layer on its surface, 

[0047] the parameters include the temperature and/ or tem 
perature variation, the gas composition, annealing times, etc. 

[0048] the charge Within the electrically insulating layer is 
modi?ed by adjusting the parameters of a heat treatment that 
is applied to the structure once the structure has been 
formed, in order to minimize electrical losses in the structure 
support layer, 

[0049] the thermal budget of the heat treatment is adjusted 
so as to reduce the charge Within the electrically insulating 
layer of the structure, 

[0050] the structure is an SOI, the process uses the steps 
of the Well-knoWn SMARTCUT® process. 

[0051] Several embodiments of the invention for a multi 
layer structure like that mentioned in the introduction to this 
text Will noW be described. Note that this structure may in 
particular be an SOI type structure, although this is not 
limitative. In general, the structures concerned by the inven 
tion are typically structures in Which the electrical resistivity 
of the active layer is signi?cantly loWer than the resistivity 
of the structure support layer. 

[0052] Note also that the process that Will be described 
beloW may be used in the more general context of imple 
mentation of a SMARTCUT® type process for manufactur 
ing the multilayer structure. HoWever, it is quite possible 
that the process according to the invention could be imple 
mented in the general context of processes for manufactur 
ing multilayer structures different from those obtainable 
from a SMARTCUT® process. In particular, the process can 
be used in the general context of a process for making a 
multilayer structure implementing a step to bond tWo sub 
strates, and different from the SMARTCUT® process (for 
example ELTRAN type process, etc.) 

[0053] Using an SOI type structure example as an illus 
tration, in order to minimize losses associated With this 
structure, the invention modi?es: 
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[0054] the charge Within the electrically insulating layer of 
the structure, and 

[0055] and/or the density of the carrier traps (typically at 
the interface betWeen the insulating layer and the structure 
support layer). 

[0056] It has been determined, after carrying out simula 
tions and experimental observations, that it is possible to 
reduce losses associated With the structure by: 

[0057] reducing the electrical charge Within the electri 
cally insulating layer of the structure. In this respect, the 
applicants used the demonstration of hoW losses are in?u 
enced by the value of the parameter QBOX, that corresponds 
to the electrical charge associated With the insulating layer 
of the structure (in other Words the buried oxide layer in the 
case of an SOI). 

[0058] and/ or increasing the density of carrier traps, more 
particularly at the interface betWeen the insulating layer of 
the structure and its support layer. In this respect, the 
applicants used the demonstration of hoW losses are in?u 
enced by the value of the parameter Dit that corresponds to 
the density of carrier traps. 

[0059] In order to avoid any confusion, it is speci?ed that 
the “carrier traps” (or “carriers”) Which are referred to are 
electrical traps Which aim at trapping electrical charges 
Which have been put into motion by ?xed charges present in 
the structure. In this respect, the carrier traps are in particular 
distinct from gettering means Which aim at gettering ele 
ments such as physical impurities (such impurities can be 
e.g. metallic ions, for example from heavy metals, etc. . .). 

[0060] The present invention uses the demonstration of the 
tWo in?uences mentioned above, namely the values of 
parameters Dit and QBOX. And as a folloW up to this 
demonstration, a series of observations have been conducted 
on different structures of the type mentioned above, and 
concerned by the invention. These observations Were thus 
related to different structures to Which the different values of 
the parameters Dit and QBOX Were associated, and for Which 
losses Were measured. More precisely, the folloWing Were 
selectively modi?ed for each of these structures: 

[0061] ?rstly, the electrical charge in the insulating layer 
of the structure, 

[0062] secondly, the carrier density at the interface 
betWeen the insulating layer and the structure support layer. 

[0063] The means of making these modi?cations Will be 
discussed hereinbeloW in more detail. Before presenting the 
results of numerical simulations and of experiments that 
have been conducted, We Will brie?y summarize the prin 
ciples involved in a method of measuring losses used in the 
context of these simulations and experiments. 

[0064] This loss measurement method is usually called 
loss measurement by coplanar lines. It provides a means of 
measuring losses up to a certain depth as a function of 
spreading of electromagnetic ?elds in the support layer. This 
depth depends on the spacing betWeen conductors, the 
frequency and resistivity of the support layer and the oxide 
thickness. 
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[0065] This measurement method thus uses the following 
steps for each structure to be characterized: 

[0066] Structure preparation, by: 

[0067] Selective etching of the active layer of the struc 
ture, stopping the etching depth at the buried oxide 
insulating layer (remember that examples discussed in 
this description relate to an S01), 

[0068] Solid plate metallic deposit on the structure, 
above the buried oxide With an electrically conducting 
metal. A one-micron thickness of aluminum can thus be 
deposited, 

[0069] Dry and selective etching of the deposited metal 
to form test patterns, actually parallel conducting met 
alliZed lines (that form Wave guides); 

[0070] Application of an electrical signal on one of the 
metalliZed lines. This signal V A consists of a superposition 
of a DC voltage VDC and a loW amplitude AC voltage V AC. 
It is applied to the line, and the folloWing can be modi?ed: 

[0071] 
[0072] 

the amplitude of the DC component VDC, 

the frequency of the AC component V AC, 

[0073] Calculation of losses (0t=losses in conductors 
acoND+losses in the layers located beloW the active layer 
before it is eliminated by etching (xSUB), making use of 
measurements of emitted, transmitted and re?ected poWers 
at the ends of the Wave guide. 

[0074] otSUB is extracted from values of 0t and an 
estimate of (XCOND that is considered as being ?xed for 
a given frequency of the applied signal. 

[0075] The principle of this method is illustrated in FIG. 
3, that in particular illustrates the Wave guides created in 
different regions of a structure for Which losses are to be 
characterized (the voltage V A is applied to the central 
conductor of each coplanar line). The advantage of super 
posing a DC component on the AC component during the 
measurements is to demonstrate the considerable effect on 
losses of a layer With loW resistance under the insulation/ 
support layer interface in structures concerned by the inven 
tion. As Will be explained in more detail in the remainder of 
this text, this loW resistance layer is generated by application 
of the DC component under the central conductor of the 
Wave guides. It is also strongly in?uenced by the parameters 
QBOX and Dit. Therefore, the concentration of carriers in this 
loW resistance layer and its global volume (controlled in 
particular by its thickness), is the reason Why QBOX and Dit 
have an effect on the losses. Losses measured during imple 
mentation of this method are used to extract an effective 
resistivity of the structure (this effective resistivity being 
directly related to losses). 

[0076] As mentioned above, and as Will be illustrated in 
detail, the demonstrated in?uence of the folloWing are used 
in this invention on structure losses: 

[0077] the charge of (i.e. Within) the buried oxide insulat 
111% layer QBOX: 

[0078] 
[0079] Simulations, for Which the results are illustrated in 
FIGS. 1 and 2, thus demonstrate the corresponding in?u 
ence of the parameters QBOX (FIG. 1) and Dit (FIG. 2) on 

the density of carrier traps Dit. 
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losses associated With a structure concerned by the inven 
tion. The curves of these tWo ?gures are derived from a 
simulation model that calculates the parallel linear conduc 
tance (GEFF) of coplanar Wave guides made on a structure. 

[0080] FIG. 3 shoWs coplanar Wave guides made on a 
structure, and an equivalent distributed circuit (in the right 
part of the ?gure). The propagation exponent y associated 
With the coplanar Wave guide is in the form: Y=((XCOnd+ 
(xSub)+J[3=\/(Re?“+juuLe?).(Gelf+J00Ceff). The losses otSUB 
associated With the support layer in the structures are 
directly proportional to GEFF at high frequencies. Losses 
(XSUB are equal to [0.5*GEFF(Le?/Ceff)o'5 ], Where Leff and Ce?. 
denote the linear inductance and capacitance respectively of 
the coplanar structure shoWn in FIG. 3. For a given struc 
ture, the losses associated With the structure therefore 
increase With the value of the parameter GEFF (and vice 
versa). 
[0081] The model used is implemented by the Atlas soft 
Ware (registered trademark) of the Silvaco Company. This 
model is active for taking account of the different dimen 
sional parameters of the coplanar Wave guide: 

[0082] geometry of metalliZed lines formed on the struc 
ture for measurement of losses, 

[0083] thickness of the buried oxide layer (insulating 
layer) of the structure, 

[0084] voltage V A applied on the metalliZed lines (polar 
iZation voltage and frequency taken into account). 

[0085] Furthermore, this model takes account of the 
parameters Dit and QBOX in the calculation of GEFF. 

[0086] FIG. 1 shoWs 4 curves 11, 12, 13 and 14 corre 
sponding to four different structures associated With four 
different values of the parameter QBOX. Each of these curves 
illustrates the relative variation of structure losses With 
respect to a reference point (through the parameter GEFF that 
is directly related to losses as described above), as a function 
of a voltage V A that Will be applied to a conductor of the 
structure in the context of the loss measurement method 
described above. The reference point is ?xed to the value of 
GEFF obtained for VDC=QBOX=Dit=0. Curve 11 corresponds 
to a structure for Which the value QBOX is Zero. Curves 12, 
13 and 14 correspond to three structures for Which the 
insulating layers have non-Zero values of QBOX, increasing 
from the structure of the curve 12 to the structure of the 
curve 14 (for Which the charge of the insulating layer is 
equal to 1011 cm_2). The arroW in this ?gure shoWs an 
increase of QBOX betWeen the structures in the different 
curves. This ?gure illustrates that an increase in the value of 
QBOX causes an increase in structure losses. 

[0087] This in?uence of the parameter QBOX, and there 
fore the charge of the electrically insulating layer, can be 
explained as folloWs. This charge is a positive charge, Which 
therefore tends to attract mobile negative charges (electrons) 
to the interface betWeen the insulating layer and the support 
layer (very resistive). An excess of these electrons collects 
at the interface then forming a surface layer With loW 
resistance, that therefore increases global losses in the 
support layer. 

[0088] During implementation of the loss measurement 
method mentioned above, a slightly negative voltage V A can 
be applied to the central conductor to only temporarily push 
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these electrons under the central conductor, Which then 
move away from the interface; this part of the interface then 
becomes more resistive and the measured losses are reduced. 

If noW the value of V A is further reduced, the positive mobile 
charges Will in turn be attracted toWards the interface and 
thus locally reduce its resistivity. The loss is thus minimum 
for a negative voltage VOPT. This shift in the minimum 
losses is illustrated in FIG. 1. Thus, as the value of QBOX 
increases, the value of VOPT shifts toWards negative values. 

[0089] Similarly, for a large value of QBOX, the presence 
of electrons at the interface betWeen the buried oxide insu 
lating layer and the support layer Will increase losses (even 
at VOPT Which is the voltage at Which the electrons attracted 
to the insulation/support layer as described above are not 
present under the central conductor to Which the voltage V A 
is applied, but are present at other locations of the interface). 
Therefore, an increase in the value QBOX betWeen tWo 
identical structures induces an increase in losses and a shift 
toWards negative potentials of the value VOPT of V A for 
Which losses are minimum, as can be seen in FIG. 1. 

[0090] Similarly, FIG. 2 shoWs three curves 21, 22, 23 
corresponding to three different structures. Each structure is 
associated With a different value of Dit, at the interface 
betWeen its electrically insulating layer and its support layer. 
Each of these three curves has a minimum near the Zero volt 
abscissa (therefore corresponding to almost identical values 
VOPT). Curve 21 corresponds to a structure associated With 
a Zero value of Dit. Curves 22 to 24 correspond to structures 
With a non-Zero and increasing Dit (from curve 22 to curve 
24), the Dit associated With the structure of the curve 24 
being 1012 #/cm2/eV. The tWo arroWs on each side of the 
minimum of the three curves represent this increase in Dit 
betWeen the three structures. It can be seen that an increase 
in Dit reduces losses associated With the structure. It can also 
be seen that an increase in Dit reduces the in?uence of the 
DC component of the constant voltage VDC applied to the 
central metalliZed line of the structure. 

[0091] This in?uence of the parameter Dit on losses can be 
explained as folloWs: This parameter characterizes the den 
sity of traps such as sharp edges, contaminants, or any other 
trap that could trap a positive or negative mobile charge 
(electron or holeiWhich is a vacant space in the crystalline 
lattice of the material) at the interface betWeen the insulation 
and the support layer of the structure. A high density at this 
interface Will tend to counter the in?uence mentioned above 
related to the tendency to increase the charge of the insu 
lating layer. A high density causes absorption of some 
electrons that arrive and form the surface layer at the 
interface and Which has the effect of reducing the resistivity 
(and therefore increasing the losses) of the structure. This 
effect increases (therefore tending to reduce losses) as the 
density increases. 

[0092] Furthermore, the effect of the voltage VA that 
attracts electrons or positive charges to the interface 
(depending on the sign of this voltage) is attenuated by a 
higher carrier traps density; in this case, some mobile 
charges attracted toWards the interface by the voltage V A are 
trapped, and thus neutraliZed so that they have no in?uence 
on losses. Note that the increase in the density of carrier 
traps is thus applicable in the same Way for positive or 
negative voltages V A. 
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[0093] The graph in FIG. 4 illustrates the effect of a 
variation of the parameter Dit on losses 0t. This graph 
contains tWo curves, corresponding to tWo different struc 
tures: 

[0094] An SOI structure obtained by the applicants With 
out any particular treatment (folloWing a SMARTCUT® 
process), (shoWn in solid lines, curve 41). 

[0095] A similar structure subjected to a speci?c treatment 
aimed at reducing the value of the parameter Dit at the 
interface betWeen the buried oxide insulating layer and the 
support layer of the structure (shoWn in a dashed line, curve 
42). This treatment may be annealing under a mix composed 
of 5% hydrogen and 95% nitrogen, at a temperature of the 
order of 432° C. for 30 minutes. 

[0096] In the remainder of the text, the treatment used to 
obtain this reduction of the parameter Dit Will be further 
described. FIG. 4 thus illustrates that a reduction of Dit at the 
interface betWeen the insulating layer and the support layer 
of the structure increases losses through the structure. 

[0097] Correspondingly, FIG. 5 illustrates the in?uence of 
a modi?cation of the value of QBOX on losses 0t. FIG. 5 thus 
represents the variation of losses as a function of the 
constant voltage applied during characterization of these 
losses, for tWo different structures: 

[0098] A structure With a loW QBOX, for example of the 
order of l.5><l01O cm'2 (curve 51 that corresponds to an SOI 
obtained in a manner knoWn in itself by a SMARTCUT® 
process); 

[0099] And a structure With a higher QBOX, of the order of 
6><l0l0 cm'2 (curve 52 that corresponds to an oxidiZed High 
Resistivity Si Wafer in a furnace containing a contaminanti 
for example a metallic contaminant). Note that an increase 
in the parameter QBOX Will increase losses, as previously 
already mentioned. Also note that the level of Dit has not 
been modi?ed betWeen structures corresponding to curves 
51 and 52 respectively. 

[0100] FIG. 6 shoWs the bonding step for tWo substrates 
A and B mentioned above, in the case in Which the substrate 
A has been oxidiZed (in particular to create a surface oxide 
layer A1) and an implantation (to create a Weakening area 
A2 de?ning an active layer A3 Within the thickness of 
substrate A). The substrate B corresponds to the support 
layer of the required ?nal structure. This case corresponds 
particularly to the use of the invention in the context of a 
SMARTCUT® type process. 

[0101] The curves in FIG. 7 shoW the variation of losses 
for VDC=0 V as a function of the frequency, for three SOI 
structures obtained by a SMARTCUT® process With dif 
ferent values of QBOX and Dit. The folloWing table gives 
values of QBOX and Dit for each of these three structures 
SL1, SL2, SH1. 

Wafer name QBOX [#/crn2] D“ [#/cm2/eV] 

SL1 ~lelO Negligible 
SL2 ~ 1 el 0 ~l ell 

SHl ~lelO Where QBOXSHI > QBOXSLI Negligible 
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[0102] The curves in dashed lines correspond to simulated 
losses of coplanar Wave guides made on identical structures, 
except for the resistivity pe?r of the support layers of these 
corresponding structures that vary from 100 Qcm (top 
curve) to 5000 Qcm (bottom curveiresistivity values of 
the support layers increase in the direction of the arroW). The 
?gure shoWs that theoretical losses reduce as this resistivity 
pe?r increases. Note that these theoretical losses contain 
losses associated With metallic conductors of lines (corre 
sponding to the loWest curve in FIG. 7, shoWn in continuous 
lines) and losses in the support layer. 

[0103] FIG. 7 also shoWs that the structure With the 
highest value of Dit is the structure that has the loWest losses. 
Losses in this structure correspond to an effective resistivity 
of the order of 4000 Qcm, Which makes losses associated 
With the support layer negligible compared With losses 
associated With metallic conductors (since total losses a are 
equal to the sum of losses otCOND and otSUB When otSUB tends 
toWards Zero, 0t becomes equivalent to (XCOND). Structures 
With loW values of QBOX but negligible values of Dit have 
losses corresponding to resistivity values of the support 
layer equal to 300 and 500 Qcm only. In the case of the 
invention, a value of the density of carrier traps or a value 
of charges Within the electrically insulating layer of a 
structure concerned by the invention are thus modi?ed, in 
order to maximize the electrical resistivity of this structure. 
And as Will be further explained in this text, the density of 
carrier traps is modi?ed at the interface betWeen a buried 
layer (e. g. buried oxide of a SOI) and the underlying support 
layer. 
[0104] As mentioned above, the invention may be imple 
mented in the context of bonding a ?rst substrate (compris 
ing the active layer of the structure), and a second substrate 
(comprising the structure support layer). In this case, the ?rst 
substrate that includes the active layer of the structure may 
also include the insulating layer of the structure. Before 
performing this type of bonding, it is possible to modify the 
density of the carrier traps to increase this density, Which as 
seen above Will reduce losses associated With the structure. 

[0105] Consequently, several variants may be envisaged 
(either implemented alone or in combination): 

[0106] Modi?cation of the density of carrier traps by 
inserting an intermediate layer betWeen the tWo substrates to 
be bonded, designed to come into contact With the support 
layer of the second substrate, the material of the intermediate 
layer being chosen so as to facilitate an increase in the 
density of carrier traps, due to its association With the 
material from Which the support layer is made; 

[0107] In this case, the intermediate layer can be depos 
ited on the second substrate, prior to bonding; 

[0108] And in a preferred application of the invention, 
the support layer may be made of silicon and the 
intermediate layer material may be a nitrided oxide; 

[0109] In general, the support layer is made of a semi 
conductor material While the intermediate layer is an 
oxide or nitride. 

[0110] Modi?cation of the density of carrier traps, using at 
least one material for bonding the ?rst and second substrates, 
that facilitates an increase in the density of carrier traps as 
a result of its association With the material from Which the 
support layer is made; 
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[0111] Modi?cation of the density of the carrier traps by 
applying a treatment in the surface region of the second 
substrate, before the ?rst and second substrates are bonded; 

[0112] This type of treatment of the surface region of 
the second substrate may in particular include a con 
trolled deterioration of the surface condition of this 
second substrate (With the deterioration of its roughness 
achieved by etching). 

[0113] In all variants presented above, the density of 
carrier traps is modi?ed in the resulting structure at the 
interface betWeen the oxide layer and the underlying support 
layer. Moreover, still Within the context of the invention 
When used in combination With bonding like that mentioned 
above, the charge Within the electrically insulating layer of 
the structure can be modi?ed so as to reduce it, according to 
di?ferent variants (once again applied alone or in combina 
tion): 
[0114] Modi?cation of the charge by adjusting the char 
acteristics of an implantation made in the ?rst substrate 
before bonding; 

[0115] In this case, the doses of the implantation are 
preferably adjusted to modify the charge value in the 
electrically insulating layer; 

[0116] This implantation may also correspond to the 
step in Which a Weakening implantation is made using 
a SMARTCUT® type process. In this case, the ?rst 
substrate may be a monocrystalline silicon substrate 
With a surface that is oxidiZed before implantation takes 
place through this oxidiZed surface, and the second 
substrate corresponds to the support or sti?fener that 
Will be bonded to the ?rst substrateithis ?rst substrate 
then being separated at the Weakening area With a 
thickness de?ned in the implantation step, to result in 
the desired multilayer structure. 

[0117] Modi?cation of the charge in the electrically insu 
lating layer by adjusting the parameters of a thermal oxida 
tion made on the ?rst substrate before bonding, to create the 
insulating layer of the structure at its surface; 

[0118] The parameters on Which action is taken include 
particularly the temperature (absolute value) and/or its 
variation (particularly the characteristics of the tem 
perature rise gradient), the gas composition and the 
annealing time; 

[0119] Once again, the thermal oxidation may corre 
spond to the step in Which an oxide layer is created 
using a SMARTCUT® type process. 

[0120] Finally, it is also possible to modify the charge 
Within the electrically insulating layer of the structure by 
adjusting the parameters of a heat treatment that is applied 
to the structure once it has been formed. In this case, it is 
indi?ferent Whether or not the tWo substrates have been 
bonded beforehand. And in this type of variant adjustment of 
the charge in the electrically insulating layer of the structure, 
the thermal budget of the heat treatment is adjusted so as to 
minimiZe the charge in this insulating layer. 

[0121] It is to be noted that modifying the charge Within 
the electrically insulating layer of the structure is quite 
distinct from in?uencing the repartition of charges at some 
interfaces betWeen layers of a structure (the latter technique 
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being disclosed eg by U.S. Pat. No. 6,091,112). That patent 
does in any event not aim at minimizing the losses in the 
support layerias the invention doesibut it rather aims at 
avoiding depletion in the active layer. In this respect, this 
prior art document proposes to in?uence the characteristics 
of the active layer, but not of a buried insulating layer as is 
the case for the invention. 

What is claimed is: 
1. A process for manufacturing a multilayer structure 

made of semiconducting materials and comprising an active 
layer, a support layer and an electrically insulating layer 
betWeen the active layer and the support layer, Which 
comprises modifying properties of the electrically insulating 
layer in order to minimiZe electrical losses in the support 
layer and enhance signal quality in the active layer. 

2. The process of claim 1, Wherein the properties of the 
electrically insulating layer are modi?ed by reducing elec 
trical charge in the electrically insulating layer. 

3. The process of claim 1, Wherein the support layer is 
selected so as to have a resistivity that is signi?cantly higher 
than that of the active layer. 

4. The process of claim 1, Wherein the electrically insu 
lating layer and support layer meet at an interface and the 
properties of the electrically insulating layer are modi?ed by 
increasing the carrier trap density at this interface. 

5. The process of claim 4, Wherein the structure is formed 
by bonding a ?rst substrate comprising the active layer With 
a second substrate comprising the support layer. 

6. The process of claim 5, Wherein the ?rst substrate 
further comprises the insulating layer so that the structure is 
an $01 structure. 

7. The process of claim 5, Wherein the properties of the 
electrically insulating layer are modi?ed by increasing car 
rier trap density before the ?rst and second substrates are 
bonded. 

8. The process of claim 7, Wherein the properties of the 
electrically insulating layer are modi?ed by inserting an 
intermediate layer betWeen the electrically insulating layer 
of the ?rst substrate and the support layer of the second 
substrate. 

9. The process of claim 8, Wherein the intermediate layer 
is made of a material that, due to its association With the 
material of the support layer, increases carrier trap density. 

10. The process of claim 8, Wherein the intermediate layer 
is deposited on the second substrate before the bonding of 
the ?rst and second substrates. 
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11. The process of claim 8, Wherein the support layer is 
made of a semiconductor material that includes silicon and 
the material used in the intermediate layer is a nitride or 
oxide. 

12. The process of claim 4, Wherein the carrier trap 
density is modi?ed by selection of at least one material for 
the electrically insulating layer, With the selected material 
increasing carrier trap density due to its association With the 
material of the support layer. 

13. The process of claim 5, Wherein the carrier trap 
density is modi?ed by applying a treatment to the surface 
region of the second substrate before the ?rst and second 
substrates are bonded. 

14. The process of claim 13, Wherein the treatment of the 
surface region of the second substrate includes controlled 
deterioration of the surface condition of the second sub 
strate. 

15. The process of claim 2, Wherein the structure is 
formed by bonding a ?rst substrate comprising the active 
layer With a second substrate comprising the support layer, 
and Wherein the electrical charge is modi?ed Within the 
electrically insulating layer by adjusting the characteristics 
of an ion implantation made in the ?rst substrate before the 
?rst and second substrates are bonded. 

16. The process of claim 15, Wherein the implantation 
doses are adjusted to modify the electrical charge in the 
electrically insulating layer. 

17. The process of claim 2, Wherein the structure is 
formed by bonding a ?rst substrate comprising the active 
layer With a second substrate comprising the support layer, 
and Wherein the electrical charge Within the electrically 
insulating layer is modi?ed by adjusting parameters of a 
thermal oxidation that is made a surface of the ?rst substrate 
to create the electrically insulating layer thereon. 

18. The process of claim 17, Wherein the parameters to be 
adjusted include one or more of temperature, temperature 
variation, gas composition, or annealing times. 

19. The process of claim 17, Wherein the electrical charge 
Within the electrically insulating layer is modi?ed by adjust 
ing the parameters of a heat treatment that is applied to the 
structure after the ?rst and second substrates have been 
bonded. 

20. The process of claim 19, Wherein the heat treatment is 
applied at a thermal budget that is adjusted to reduce the 
electrical charge in the electrically insulating layer. 

* * * * * 


